Stochastic models are derived to estimate the level of coliform count in terms of MPN index, one of the most important water quality characteristic in ground water based on a set of water source location and soil characteristics. The study is based on about twenty location and soil characteristics, majority of them are observed through laboratory analysis of soil and water samples collected from nearly thee hundred locations of drinking water sources, wells and bore wells selected at random from the district of Kasaragod. The water contamination in wells are found to be relatively more as compared to bore wells. The study reveals that only 7 % of the wells and 40 % of the bore wells of the district are within the permissible limit of WHO standard of drinking water quality.
Introduction
The quality of water is described in terms of about a dozen characteristics identifiable by means of lab tests of water samples. Quality of water is described in three categories microbial, physical and chemical. The microbial characteristics include E. coli and coliform organisms, physical characteristics include temperature, smell, taste, colour and turbidity and chemical characteristics include pH, total dissolved solids (TDS), total hardness (TH), chlorides (Cl), sulphates ( immediately affected severe health issues.
All most all the studies on water quality reported so far are confined to the inter relationships among the water quality characteristics and a few are on the relationship between the environmental effects, seasonal changes, land use and water quality using multivariate statistical techniques like principal component analysis, factor analysis, discriminant analysis and multiple regression models.
Survey of literature indicates that only very limited scientific studies were done so far for the prediction of water quality using advanced stochastic models based on location and soil characteristics. Some of the studies, based on the interrelations among the various water quality characteristics, reported at the national level are Khurana et [6] etc. Water quality studies reported in Kerala are Karthick et al. [2012] [7] and Behera et al. [2012] [8] .
At the international level the major studies reported are Loucks et [12] . Fannin et al. [1985] [13] conducted a study to fit a multiple regression model for evaluating non-point source contributions to water quality in the Green River, Wyoming. They developed model for predicting water quality characteristics like phosphorus, nitrate, and dissolved solids using explanatory variables like geologic substrate, land use, channel slope, etc. The explanatory variables for each water quality model were identified using simple correlation matrix. Hynds et al.
[2012] [14] developed a model to predict microbial contamination using local meteorological data and they found that local bedrock type, local subsoil type, groundwater vulnerability, septic tank setback distance, and 48 hours antecedent precipitation were all significantly associated with thermotolerant coliform (TTC) presence. Heydari et al. [2013] [15] reported study of correlation matrices among water quality characteristics. Bain et al.
[2014] [16] conducted a study to estimate the effect of microbial contamination in different water source types including piped water supply and developed water quality models for different water source types using principal component analysis.
It is clear that water pollution due to microbial contamination is mainly because of lack of scientific management of industrial and domestic wastes, increased use of pesticides and chemical fertilizers in agriculture, poor sanitation facilities etc. Many factors can affect the quality of the water in an ecosystem including discharges of industrial and agricultural wastes, domestic and institutional wastes, contamination from leakages from septic tanks, proximity to garbage disposal sites etc. Field observations and soil testing allow us to assess the links between land use and its effects on water quality. Thus there is sufficient reason to suspect strong correlation between soil structure and water quality characteristics. Survey of literature indicates that no scientific study were done so far for the estimation of coliform count in ground water based on location and soil characteristics at national or international levels. In this study our objective is to measure the correlation of the water quality characteristic coliform count with several soil and water source location characteristics and exploit the same to estimate the level of coliform count in ground water that would be available in a location.
This study is conducted in the district of Kasaragod of Kerala State. Data has been collected by the method of stratified random sampling by regarding the land of the district divided into 6 strata namely Coastal area, Forest area, Hospital premises, Market places, Pesticide using area and Waste dump area depending on the levels of contamination of ground water. Since well and bore well water sources are the main sources of drinking water in the district, we confined our study on well and bore well water sources. As many as 300 water sources were selected at random ranging 50 to 60 from the neighborhood of each stratum. Soil and water samples were collected from these locations. The location characteristics observed are distance of water source from septic tank, slope of water source from septic tank, number of septic tanks near to the water source, distance of water source from nearest stratum boundary, slope of water source from nearest stratum boundary and depth of the water source. The soil characteristics measured are porosity, pH, electrical conductivity, organic carbon, texture, iron, sulphur, phosphorus, calcium, magnesium, copper, zinc, manganese and potassium. All these characteristics combined together we call as water source location characteristics. Coliform counts in water and soil characteristics are identified by testing water and soil samples in the laboratory of Kerala Agricultural University Campus at Padannakkad. Coliform count in water is identified using Most Probable Number (MPN) method with 3 tube test procedure.
In this article we describe the procedure of estimating coliform count in ground water using ordinal multiple logistic regression model. The model utilizes effectively the benefit of the relationship of coliform count with water source location characteristics. The whole analyzes were done using SPSS.
The remaining part of this article is organized as follows: section 2 describes briefly some of the advanced statistical concepts based on which the study is made. Basic statistical characteristics of the data under study are presented in the first sub section of section 3 and the model building process for well and bore well and their features and applications are discussed in the next sub sections. The article closes with a conclusion, acknowledgment and the list of references.
Statistical Background
Following the terminology and convention in general linear modeling we regard the coliform count MPN/100ml in ground water as the response variable and water source location characteristics as the explanatory variables. Constructing the correlation matrix between the response variable and set of explanatory variables we identified the highly correlated water source location characteristics. As per the international standard the MPN Index is categorized into 22 ordinal categories as 0, 3, 4, 7, 9, 10, 14, 15, 20, 21, [22] .
In this study we use the proportional odds (cumulative logit) ordinal logistic model. The model involves an outcome D with j ordered categories and p explanatory variables 1 2 … p x x x , , , and the probability that an outcome is in any of the categories greater than or equal to k is given by a logistic function as,
Prob D k e α β β β
and the odds ratio is given by,
where k α is the intercept corresponding to th k category and 1 2 … p β β β , , ,
are the regression coefficients corresponding to the explanatory variables. As per the assumption of proportional odds the regression coefficients are same for each value of k. The first category does not have an odds associated with it since as per equation (3) odds ratio cannot exist for k=1.
An alternate model formulation for proportional odds ordinal logistic regression model is,
and the odds ratio in this case is,
Odds Ratio
In this formulation odds ratio does not exist for the last category. SPSS provides results based on the alternate formulae (4) to (7) for proportional odds ordinal logistic regression model. The outcome with highest probability is considered as the expected category in which the event is happening.
For the validity of the multiple ordinal logistic regression model the variables in the model must satisfy the assumption of proportional odds.
Parameter Estimation in Ordinal Logistic Regression Model
The method of maximum likelihood is the theoretical basis for parameter estimation in ordinal logistic regression model. The log likelihood function in ordinal logistic regression model in equation (4) , n is the total number of observations (total cases).
The set of equations obtained by equating to zero the first order derivatives of (8) with respect to each component of B, usually known as the likelihood equations, solving which we can estimate the parameters. Though Fisher's method of scoring (Newton-Raphson iterative estimation method) can be used for parameter estimation, the actual implementation of maximum likelihood results in an algorithm based on iteratively re-weighted least squares (IRLS). The iterative procedure is repeated until change in the successive estimates is less than the tolerance level.
In fitting the above model one important issue is selecting the explanatory variables for inclusion in the model. Normally all those explanatory variables that are highly correlated with the response variable are to be included. However, due to joint effects, the variables having significant influence in the model need be selected judiciously. There are several statistical procedures for selecting variables for inclusion in the model such as stepwise regression, forward selection, backward elimination etc. Adequacy of the fitted model is assessed using Pearson and deviance measures based on chi-square statistics and the coefficient of determination Pseudo R 2 (higher the value of Pseudo R 2 more appropriate the fitted model). The significance of each regression coefficient can also be tested using Wald statistics. Even after fitting the model as described above there are several techniques to verify the model adequacy as well as the extent to which the model assumptions are satisfied (post-hoc tests). Finally the model adequacy can be validated using about 10% of the real data. Further details on estimates and their properties can be had from the standard references [17] , [18] , [19] , [20] , [21] , [22] .
Results and Discussion

Preliminary Analysis
The basic characteristics of the study variables are presented in Table (1) and Table ( 2). Since the response variable is ordinal with 22 categories, arithmetic mean does not provide the good measure of average. Instead of arithmetic mean, mean rank of the values provide a better measure of central tendency. Thus the average coliform count in this study is the coliform count corresponding to the average rank of the coliform count values. The MPN index of the water samples range from 0 to 2400, while the average level of contamination is much more in wells as compared to bore wells. As Table ( 2) reveals out of the 20 observed water source location characteristics the levels of soil potassium, manganese, iron, calcium and magnesium are highly heterogeneous over the area. Technically pure drinking water must be free of any coliform organisms. As per WHO standards coliform organisms should not be detectable in drinking water (MPN index should be 0). Table ( 3) gives the distribution of coliform count in well and bore well water sources. This leads to the conclusion that only 7 % of the well water sources and 40% of the bore well water sources in the study area are within the permissible limit of WHO standard of drinking water quality. This indicates that about 93% of the well water sources and nearly we reject the null hypothesis and conclude that the average of coliform count in wells and bore wells are significantly different. We describe below the advanced model based analysis. 
Model Based Analysis
under study. Table ( 5) reveals that out of the 20 explanatory variables under study, 11 exhibit significant simple correlations with the response variable. This justifies the use of multiple ordinal logistic regression models, however, it does not fix the explanatory variables to be included in the model. This is due to the fact that rather than the individual influence some of the variables may have joint influence on the response. We describe below the appropriate model selection and its features.
Ordinal Logistic Regression Models. Stepwise regression technique is used to develop the model for coliform count as it allows a free choice for each variable for inclusion or exit from the model depending on the corresponding influence. Out of the 20 explanatory variables 6 variables are selected in the case of well water sources and 5 variables are selected in the case of bore well water sources in the final model for the prediction of coliform count. The fitted model information is presented in Table ( 6) and Table (7) for well and bore well water sources respectively. Col. (1) (5) and (6) the corresponding degrees of freedom and p-value testing the significance of each regression coefficient. Col (7) is the confidence interval for the estimates. Note that the stepwise regression method retains only those variables with significant regression coefficient (P-value < 0.05), no matter whether the variables individually have significant correlation with the response or not. The last category 2400 is considered as the reference category. The parameters are estimated using method of maximum likelihood based on IRLS as described in section 2. The ordinal logistic regression model for predicting coliform count in well water sources and bore well water sources are given in equations (9) and (10) Table ( 6) in equations (5), (6) and (9) and from Table (7) in equations (5), (6) and (10) the cumulative probability and individual probabilities for each outcome for well and bore well water sources can be calculated. Since 22 D = (MPN level 2400) is the reference category, the probability corresponding to the reference category can be calculated using the following equation
The category with highest probability is then regarded as the probable coliform count. The overall significance of the model, goodness of fit of the model, accuracy measure and test for proportional odds are presented in Tables (8) , (9), (10) and (11) respectively. Table (8) gives model fitting information, the null hypothesis in this test is that all of the regression coefficients in the model are equal to zero. Since the P-values for both wells and bore wells models are 0 05 < .
we reject the null hypotheses and conclude that at least one of the regression coefficients in the models is not equal to zero. Goodness of fit of the models are tested in Table ( we accept the null hypotheses and conclude that the models fit well for the data. Table ( 10) summarizes the proportion of variance in the response variable that can be accounted for by the explanatory variables. Table ( Tables (12) and (13) present the illustration of model validation for well and bore well water sources respectively using 10 % of the collected data. These tables indicate that 26 out of 30 predicted values agree exactly with the observed values, and inthe cases of disagreement the predicted values differ only by the next nearest level. Thus the models predict coliform count with an accuracy of about 87% . Thus we have the stochastic regression models (9) and (10) capable of giving the level of coliform count present in the water that would be available in a well or bore well respectively in terms of the water source location characteristics. 
Model Application
These models can be used in the following ways. One straight forward use of the model is to estimate the quality of the water from the wells or bore wells prior to their construction in a location. This can be done by simply substituting the observed values of the location characteristics in the model(9) or (10) as the case may be. Another important use of the models is to decide the safest location in a compound to dig a well or bore well that ensures pure drinking water. For this first observe the minimum and maximum levels of each of the water source location characteristics. Regard the water source location characteristics in the model as variables taking values between the minimum and maximum levels. Compute the coliform count for each combination of the values of water source location characteristics varying from the minimum to maximum. From these results choose the location for which the coliform count is 0. Usually the soil structure with in a compound may be homogeneous leaving the soil characteristics fixed, which reduces the number of computations. We have illustrated this procedure by performing computations for different combinations of values as given below. Out of the over 16000 different combinations of these values a few selected sets for which the coliform count is 0 are presented in Table (14) . In the regression model (9) X to the possible extent one can fix safer locations for digging wells in the compound. 5  1000  100  20  1  2  20  0  6  1000  50  5  2  2  20  0  7  500  100  5  2  2  20  0  8  1000  50  10  2  2  20  0  9  500  100  10  2  2  20  0  10  1000  100  20  2  2  20  0  11  500  100  5  3  2  20  0  12  1000  100  10  3  2  20  0  13  1000  100  20  3  2  20  0  14  1000  50  5  1  2  30  0  15  200  100  5  1  2  30  0  16  1000  50  10  1  2  30  0  17  500  100  10  1  2  30  0  18  1000  100  20  1  2  30  0  19  500  100  5  2  2  30  0  20  1000  100  10  2  2  30  0  21  1000  100  20  2  2  30  0  22  1000  100  5  3  2  30  0  23  1000  100  10  3  2  30  0  24  1000  50  5  1  2  40  0  25  500  100  5  1  2  40  0  26  1000  100  10  1  2  40  0  27  1000  100  20  1  2  40  0  28  1000  100  5  2  2  40  0  29  1000  100  10  2  2  40  0  30  1000  100  5  3  2  40  0  31  1000  100  10  3  2  40  0  32  1000  100  5  1  2  50  0  33  1000  100  10  1  2  50  0  34  1000  100  5  2  2  50  0  35  1000  100  10  2  2  50  0  36  1000  100  5  3  2  50  0  37  1000  100  5  1  2  60  0  38  1000  100  10  1  2  60  0 39  1000  100  5  2  2 60 0
Conclusion
This study is an attempt to model one of the most significant water quality characteristic; the coliform count level in MPN/100ml (which is an ordinal variable with 22 related categories) as a function of about 20 suspected water source location characteristics. We have arrived at two distinct models, one describing the coliform count level of well water in terms of 6 water source location characteristics, and the other in terms of 5 location characteristics relevant for water from bore wells. The rest of the variables are instrumental in deciding several other water quality characteristics which are also under our investigation. Though everybody believes that proximity of a water source location to waste dump areas or septic tanks may result in contamination of water, there were no scientific methods to fix the minimum safe distances. The significant feature of this study is that in addition to scientifically proving the dependence of the water quality on the distances from waste disposal area and septic tanks etc., it highlights the dependence of two other very significant soil characteristics, the soil organic carbon and soil porosity. Using the models one can estimate the quality of water that would be available in a location as well as determine the safest location for digging wells within a compound.
